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Purpose: This study explored the effect of three different modes of resistance training 
on appetite hormones [leptin, ghrelin, cholecystokinin (CCK), glucagon-like peptide-1 
(GLP-1), and peptide tyrosine–tyrosine (PYY)], cardiometabolic and anthropometric 
measures in males with obesity.

Methods: Forty-four males with obesity (age: 27.5 ± 9.4 yrs.; mean weight: 93.2 ± 2.2 kg, 
body mass index : 32.9 ± 1.2 kg/m2) were randomized to traditional resistance training 
(TRT, n = 11), circuit resistance training (CRT, n = 11), interval resistance training (IRT, n = 11) 
or control (C, n = 11) groups. All resistance training groups received 50 min of supervised 
training per session, three days per week, for 12 weeks. Measurements were taken at 
baseline and after 12 weeks of training.

Results: Plasma levels of leptin, ghrelin, CCK, and PYY decreased significantly in all three 
different modalities of resistance training groups when compared to the control group 
(p < 0.05). GLP-1 increased significantly in both CRT and IRT groups compared to TRT 
and C groups (p < 0.05). Glucose-dependent insulinotropic polypeptide decreased 
significantly in CRT and IRT groups compared to the C group (p < 0.05). Adiponectin levels 
increased significantly in all resistance training groups compared to the C group (p < 0.05).

Conclusion: Overall, CRT and IRT protocols had the greatest impact on appetite 
hormones compared to individuals who engaged in TRT or did not exercise (C).
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INTRODUCTION

Obesity is a global crisis that affects all ages and socioeconomic 
groups, and it is one of the major health concerns of the 21st 
century. According to the World Health Organization estimates, 
more than 1.9 billion adults aged 18 years and older are 
overweight, and of those, over 650 million are obese (Haththotuwa 
et  al., 2020). Furthermore, it has been shown that obesity 
appears with increasing prevalence among younger populations, 
leading to an increased risk of chronic diseases, such as 
metabolic, cardiovascular diseases, and some forms of cancer 
(including breast and endometrial cancer), leading to early 
mortality (Van Gaal et  al., 2006).

An unhealthy lifestyle, including low levels of physical activity 
and high quantities of food intake, is one of the main key 
factors accelerating the expansion of obesity (Kim et al., 2019). 
The hypothalamus integrates the neuronal and hormonal signals 
and controls eating behaviors, satiety, and caloric intake (Zouhal 
et  al., 2019). Several hormones affecting the brain centers are 
synthesized and released from peripheral tissues, including 
intestinal and adipose tissues (adipocytes; Berthoud and 
Morrison, 2008). The main hormones regulating appetite and 
satiety are leptin, ghrelin, glucagon-like peptide-1 (GLP-1), 
peptide tyrosine–tyrosine (PYY), glucose-dependent 
insulinotropic polypeptide (GIP), and cholecystokinin (CCK; 
Zanchi et  al., 2017).

A systematic review including a 1-year follow-up showed 
that exercise alone had minimal weight loss effects (Franz 
et al., 2007), while other research has reported that individuals 
who remain in a caloric deficit consistently during a 6-month 
time period may experience 10% weight loss (Redman et  al., 
2007). Additionally, in a comprehensive investigation by Ross 
and colleagues demonstrated that exercise-induced weight loss 
reduced total fate and improved cardiovascular fitness more 
than equivalent diet-induced weight loss (Ross et  al., 2000). 
These studies concur that longer bouts of exercise (commonly, 
a daily 700-calorie energy expenditure) have been associated 
with a greater contributions to weight loss. Regular exercise 
has been shown to facilitate weight management by increasing 
energy expenditure which influences appetite hormones and 
overall daily energy expenditure irrespective of adiposity and 
sex (Zouhal et  al., 2019, 2020). On the other hand, previous 
studies have shown that physical inactivity disrupts the 
mechanisms responsible for regulating appetite (Hopkins and 
Blundell, 2016). In contrast, physical activity in sedentary 
individuals with obesity has been shown to regulate appetite 
(Rocha et  al., 2016). The effectiveness of resistance training 
for weight control in normal-weight individuals in the absence 
of calorie restriction is controversial. Although molecular 
mechanisms of appetite regulation following exercise are still 
unknown, and few studies are available on the effect of resistance 
training on appetite regulation and the hormones involved in 
appetite regulation (Neary et  al., 2004; Guelfi et  al., 2013).

In a weight loss program, resistance training is recommended 
to maintain or improve muscle mass to increase basal metabolism 
as well as reduce fat (Balaguera-Cortes et  al., 2011; Guelfi 
et  al., 2013; Douglas et  al., 2017). The resistance training was 

conducted as traditional, circuit, and interval models. It has 
been shown that traditional resistance training interventions 
reduce energy intake (Balaguera-Cortes et  al., 2011; Guelfi 
et al., 2013; Douglas et al., 2017). Research has shown 12 weeks 
of circuit resistance training [3 sessions per week at 60% of 
1 repetition max (1-RM)] in overweight adolescents resulted 
in food intake decrements along with weight loss (Tavassoli 
et al., 2014). However, the effects of interval resistance training 
(IRT), a new exercise model, on weight loss are less well known 
(Moro et  al., 2020). Given obese individuals have less time to 
exercise and cannot lift heavy weights, IRT leads to more 
physiological loads to be  exerted on the subjects in less time 
duration (Moro et al., 2020). Most resistance training interventions 
have demonstrated decrements of regulatory appetite markers 
(Kraemer et  al., 2004; Ghanbari-Niaki, 2006; Ballard et  al., 
2009), with a few showing opposite results (Martins et  al., 
2007; Kelishadi et  al., 2008; Hagobian et  al., 2009; Konopko-
Zubrzycka et  al., 2009; Ueda et  al., 2013). However, to our 
knowledge, no studies have compared the effects of different 
modes of resistance training on appetite-regulating hormones. 
Given the importance of appetite and energy intake on energy 
balance, understanding how these hormones change with different 
resistance training methods has important implications for 
individuals with obesity. Therefore, this study aimed to compare 
traditional, interval, and circuit resistance training on appetite-
regulating hormones in males with obesity.

MATERIALS AND METHODS

Study Subjects
Forty-four males with obesity [mean age: 27.50 ± 9.4 yrs. and 
body mass index (BMI): 32.9 ± 1.2 kg/m2] were recruited through 
advertisements (poster, email, and social media platforms). 
Inclusion criteria were: age between 23 and 32 yrs., 
BMI > 30 kg m−2, waist-to-height ratio > 0.6, being sedentary, 
which was defined as less than 1 h of physical activity per 
week in the past 12 months, not diagnosed with chronic illnesses 
(e.g., cardiovascular disease, diabetes, and hypertension), 
non-smokers, not undertaking hormonal or mental therapy, 
and were not drinking alcohol. Subjects who took dietary 
supplements and medications that affect the metabolism of 
muscle or adipose tissue (e.g., amino acids, beta-blockers, beta-
agonists, calcium channel blockers, and corticosteroids) were 
excluded from the study. Inclusion criteria were assessed by 
a physician and also using the Physical Activity Readiness 
Questionnaire and medical health/history questionnaires (Thomas 
et  al., 1992). All participants completed an informed consent 
form. The study was approved by the Research and Ethics 
Committee of the Islamic Azad University (Ethics code: 
IR-IAU1397-16) and performed according to the latest revision 
of the Declaration of Helsinki (Nathanson, 2013).

Study Design
All participants were thoroughly acquainted with all testing 
and procedures before obtaining baseline measurements. 
Subsequently, participants based on weight and BMI were 
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randomized into one of the four groups: circuit resistance 
training (CRT; n = 11), traditional resistance training (TRT; 
n = 11), interval resistance training (IRT; n = 11), or control 
(C; n = 11). Study measurements were collected at two time 
points; baseline (48 h before starting preparatory phase) and 
after 12 weeks (48 h after the last training session) at the same 
time of the day (within ~1 h) and under the same environmental 
conditions (~20°C heat and ~ 55% humidity). In addition, the 
participants were asked to continue their usual dietary habits 
for the study duration.

Preparatory Phase
All subjects performed 1 week of resistance training under 
supervision, consisting of three exercise sessions, for 
familiarization before the primary training intervention. This 
phase allowed instruction relating to correct lifting techniques, 
familiarizing all exercises and equipment, and ensuring that 
the participants initiated the study at a comparable starting 
level in exercise familiarization and is commonly used in 
training interventions of this type.

Resistance Training Interventions
All resistance training sessions consisted of 70 min of supervised 
exercise that included a 10-min warm-up, 10-min cool-down, 
and 50-min exercise session. All three resistance training 
groups utilized the same exercises, which were back squat, 
lat pulldown, leg press, chest press, leg extension, leg curls, 
lateral raise, standing calf raise, biceps curl, and triceps 

pushdown (Table 1). The CRT protocol included three circuits 
of 10 exercises for each circuit, at an intensity of 50% of 
1-RM with 14 repetitions of each exercise. Participants in 
this group performed these exercises with a minimum rest 
(<15 s) interval between exercises with a rest period of 3 min 
between sets (Saeidi et  al., 2020). The TRT group performed 
the same exercises at 50% of 1RM and 14 repetitions for 
three sets and 30 s rest interval between exercises and 1.5 min 
rest between sets (Saeidi et al., 2020). The IRT group received 
the same exercises with 50% of 1 RM, and 14 repetitions 
were followed with active rest of 25% of 1RM and 14 
repetitions; subjects performed each exercise in two sets 
(Saeidi et  al., 2020). The periodized resistance modes were 
adapted from previous studies (Baechle and Earle, 2008). 
During this study, the control group (C) did not participate 
in any exercise training. Exercises were performed on variable 
resistance machines (Hoist equipment, San Diego, 
United  States; Table  1), and the resistance training mode 
volumes equated using the following formula (Saeidi 
et  al., 2020):

 
Resistance training volume number of sets repetitions lifted weight.= ´ ´

The volume and loading of the three resistance interventions 
were similar between the groups (50%). Although participants 
in the IRT group performed the exercises at 50% of 1RM and 
25% at rest, we  reduced the number of sets to two to equalize 
loading between the three groups:

 ( )IRT Exercise load : 50% rest exercise load 25% 2sets 150AU.+ ´ =

 ( )CRT Exercise load : 50% rest exercise load 0% 3 sets 150AU.+ ´ =

 ( )TRT Exercise load : 50% rest exercise load 0% 3sets 150AU.+ ´ =

Strength Testing
Strength testing occurred 24 h after the assessment of body 
composition and drawing of venous blood samples, which was 
repeated every 4 weeks. A one-repetition maximum estimation 
was performed to determine training intensity for the resistance 
training sessions. Before testing, research personnel explained 
the purpose of each test, attendant risks, possible discomforts, 
and the participants’ responsibilities. All participants were 
instructed to refrain from consuming alcohol (for 48 h), 
caffeinated drinks (for 12 h), and food (for 2 h) before the 
testing sessions; however, participants’ regular water consumption 
was allowed. Following a light warm-up, with both general 
and specific components, the participants underwent strength 
testing for all exercises, which included (back squats, lat 
pulldown, leg press, chest press, leg extension, leg curls, lateral 
raise, standing calf raise, biceps curl and triceps pushdown) 
by using variable resistance machines (Hoist equipment, San 
Diego, United States). The participants performed two attempts, 
and their highest lifted weight and number of repetitions were 
recorded. The number of repetitions to fatigue did not exceed 
10. There was a 5 min rest period between attempts. Maximal 
strength was estimated from these assessments using the Brzycki 
equation: 1RM = weight/(1.0278–0.0278 × reps) (Brzycki, 1993). 

TABLE 1 | Exercises, sets, repetitions, and rest intervals between exercises and 
sets and a load of exercise for each weekly session in the TRT, CRT, and IRT 
groups.

Duration 12  Weeks 12  Weeks 12  Weeks

Program type TRT CRT IRT

Session Overview Exercises: back 
squat, lat 
pulldown, leg 
press, chest  
press, leg 
extension, leg 
curls, lateral raise, 
standing calf 
raises, biceps  
curl, and triceps 
pushdown

Sets: 3

Repetitions: 14

Rest interval 
between  
exercises: 30 s

Rest between 
each set: 1.5 min

Load: 50% of  
1RM

Exercises: back 
squat, lat pulldown, 
leg press, chest 
press, leg  
extension, leg  
curls, lateral raise, 
standing calf  
raises, biceps curl, 
and triceps 
pushdown

Sets: 3

Repetitions: 14

Rest interval 
between exercises: 
15 > seconds

Rest between each 
set: 3 mines

Load: 50% of 1RM

Exercises: back 
squat, lat  
pulldown, leg 
press, chest  
press, leg 
extension, leg  
curls, lateral raise, 
standing calf  
raises, biceps curl, 
and triceps 
pushdown

Sets: 2

Repetitions: 14

Rest interval 
between  
exercises: active 
rest with 25% of 
1RM and 14 
repetitions

Load: 50% of  
1RM

TRT, Traditional resistance training; CRT, Circuit resistance training; IRT, Interval 
resistance training; 1RM, One maximum repetition.
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All training sessions were performed under the supervision 
of an exercise physiologist.

Anthropometry and Body Composition
Anthropometric and body composition measures (body weight, 
height, and BMI) were evaluated using standard techniques 
before and after the training protocol (Pearson et  al., 2018). 
Bodyweight (nearest 0.1 kg) and height (Nearest 0.1 cm) were 
measured with light clothing and no footwear after an overnight 
fast using a digital scale and a stadiometer (Medigate Company 
Inc., Dan-dong Gunpo, Korea). The BMI was calculated by 
dividing body weight (kg) by the square of their height (m2). 
A bio-impedance analyzer (Medigate Company Inc., Dan-dong 
Gunpo, Korea) measured body fat.

Blood Sampling and Analysis
Fasting blood samples (20 ml) were collected from the antecubital 
vein using standard procedures following a 12-h overnight 
fast. Following completion of blood sampling, the samples were 
centrifuged at 3000 rpm for 10 min, and the plasma was stored 
at −70 ° C until analysis. Plasma GLP-1 [Abcam, United States, 
Cat No: ab229413: sensitivity 12 pg/ml, intraassay coefficients 
of variability (CV) 7% and the inter-assay CV 9%], GIP 
(Mybiosource, United  States, Cat No: MBS9136990: sensitivity 
23.9 pg/ml, intraassay CV <10% and the inter-assay CV 15%), 
Leptin (Abcam, United  States, Cat No: ab108879: 
sensitivity = 80 pg/ml, intraassay CV 3.8%and the inter-assay 
CV 9.9%), Adiponectin (Abcam, United States, Cat No: ab108786: 
sensitivity = 0.7 ng/ml, intraassay CV 3% and the inter-assay 
CV 8.3%), total Ghrelin (eBioscience, Vienna, Austria, Cat no: 
BMS2192): sensitivity 11.8 pg/ml, intraassay CV 6% and the 
inter-assay CV 8.5%, total PYY (Abcam, United  States, Cat 
No: ab255727: sensitivity = 8.4 pg/ml, intraassay CV 11.7% and 
the inter-assay CV 12.2%), CCK (MyBioSource, United  States, 
Cat No: MBS165254: sensitivity 0.1 ng/dl, intraassay CV <8%and 
the inter-assay CV <10%), concentration were measured using 
an ELISA.

Nutrient Intake and Dietary Analysis
Three-day food records (2 weekdays and 1 weekend day) were 
obtained before and following the study to assess changes in 
habitual dietary intake over time (Thomas et  al., 2016). In 
addition, each food item was individually entered into Diet 
Analysis Plus version 10 (Cengage, Boston, MA, United States) 

and total energy consumption, as well as the amount of energy 
derived from proteins, fats, and carbohydrates (Thomas et  al., 
2016) was calculated and recorded (Table  2).

Statistical Analysis
All statistical analyses were conducted by SPSS statistical software 
(Version 24.0; SPSS, Inc., Chicago, IL). Normality of data 
evaluated with the Shapiro–Wilk test. The Leven test showed 
that the homogeneity of variances was present (p > 0.05). Baseline 
data were compared between the four groups using one-way 
ANOVA tests and Tukey’s post-hoc tests. The two Repeated 
measures test of ANOVA (Group * time) were used to compare 
the differences in the study’s variables between the four groups. 
If an ANOVA test determined significant differences, pairwise 
comparisons (planned comparisons) were used to determine 
which mean differences were statistically significant. Partial 
eta-squared (p2) was used to assess the effect size (ES). Statistical 
significance was established at p ≤ 0.05. Before analysis, the 
sample size was designed to detect a difference among study 
variables with a 95% confidence interval (CI) and 80% or 
greater power value. Data are presented as the mean ± standard 
deviation (mean ± SD).

RESULTS

Participant flow through the study is shown in the CONSORT 
flowchart (Figure  1). Overall, of 80 participants screened in 
the study, 20 did not meet the inclusion criteria, 60 received 
the allocated intervention, and 44 attended the 12-week 
assessment, resulting in a drop-out rate of 26.6%. Adherence 
to the intervention was 74% of sessions in the training groups. 
There were no significant differences in baseline characteristics 
between the groups (p > 0.05).

Anthropometry and Body Composition
There was a significant group x time interaction for changes 
in weight, BMI, and fat mass (p < 0.05) between resistance and 
control groups. Weight was significantly reduced in the CRT 
and IRT groups (p < 0.05), but not in the TRT group (p > 0.05) 
compared to the control group (Table  3). BMI decreased only 
in the IRT and not in the other training groups when compared 
to the control group (p < 0.05; Table  3). Fat mass was reduced 
in all three resistance groups when compared to the control 

TABLE 2 | Pre- and post-values of nutritional intake in the four study groups.

Control TRT CRT IRT

Pre Post Pre Post Pre Post Pre Post

Energy (kcal/d) 2,266 ± 68 2,272 ± 85 2,285 ± 112 2,323 ± 151 2,263 ± 128 2,352 ± 168 2,282 ± 178 2,381 ± 185
CHO (g/d) 280 ± 13.4 282 ± 20.3 278.4 ± 78.1 280 ± 68.5 283 ± 47.6 286 ± 18.2 288 ± 19.6 291 ± 20.1
Fat (g/d) 81.2 ± 11 80 ± 9.82 85.5 ± 10.7 87 ± 14.2 80.4 ± 15.4 87.1 ± 12.2 79.8 ± 9.87 87.2 ± 14.3
Protein (g/d) 103 ± 10 105 ± 12.3 100 ± 13.5 105 ± 10.6 102 ± 16.8 106 ± 12.7 103 ± 14.5 108 ± 13.5

Data presented as mean (±SD), TRT, Traditional resistance training; CRT, Circuit resistance training; IRT, Interval resistance training; CHO, carbohydrate; g/d, gram (s)/day.
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group (p < 0.05; Table  3). The SBP decreased significantly in 
both CRT and IRT groups compared to the control groups 
(p < 0.05). However, this reduction was significantly greater in 
the IRT group than the TRT (p < 0.05; Table  3). There were 
no significant differences in DBP in all resistance training 
groups compared to the control group (p < 0.05; Table  3).

Leptin, Adiponectin, Ghrelin, GLP-1, PYY, 
and CCK
The plasma level of leptin and PYY were decreased significantly 
in all three resistance training groups compared to the control 
group (p < 0.05; Table  3; Figure  2). However, these decreases 
were greater in CRT and IRT groups compared to the TRT 
group (p < 0.05; Table 3; Figure 2). The plasma level of ghrelin 
was increased significantly in all three resistance training groups 

compared to the control group (p < 0.05; Table  3). However, 
these increases were greater in CRT and IRT groups compared 
to the TRT group (p < 0.05; Table 3). CCK significantly reduced 
in all resistance training groups compared to the control group 
(p < 0.05; Figure 3). However, the decrease was more significant 
in the IRT group compared to the TRT group (p < 0.05; Figure 3). 
Our results indicated that GLP-1 increased significantly in both 
CRT and IRT groups than TRT and control groups (p < 0.05). 
Nevertheless, no significant change was observed in the TRT 
group compared to the control group (p < 0.05; Figure  4). 
Glucose-dependent insulinotropic polypeptide (GIP) decreased 
significantly only in CRT and IRT groups compared to the 
control group (p < 0.05), but not in the TRT group (p < 0.05; 
Figure  5). Adiponectin levels increased significantly in all 
resistance training groups compared to the control group 

FIGURE 1 | Study flow chart. Traditional resistance training (TRT), Circuit resistance training (CRT), and Interval resistance training (IRT) groups.
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(p < 0.05). However, these increases were significantly greater 
in CRT and RIT groups than TRT group (p < 0.05; Table  3).

DISCUSSION

The current study results showed that fat mass, body weight, 
and body mass index improved significantly after all three 
different resistance training interventions. Appetite-regulating 
hormones have been implicated in regulating exercise-induced 
calorie intake and have been the subject of much research. 
Our study showed that all three resistance training interventions 
decreased leptin, CCK, GIP, and increased ghrelin, adiponectin, 

PYY, and GLP-1 levels compared to the control group. To the 
best of our knowledge, this is the first supervised randomized 
control trial on the effect of different modes of resistance 
training interventions on the appetite-related hormones in males 
with obesity.

Ghrelin, also known as the hormone of hunger, is a peptide 
and a stomach-derived orexigenic hormone produced by 
endocrine cells of the gastric mucosa and recognized as the 
endogenous ligand of the orphan growth hormone secretagogue 
receptor. It plays a major role in food intake and appetite 
regulation. In our study, body weight decreased, and ghrelin 
increased. Similarly, Leidy et  al. (2007) reported a reduction 
in body weight and an increase in ghrelin concentrations 

TABLE 3 | Pre- and post-values of leptin, adiponectin, ghrelin, CCK, GLP-1, GIP, PYY, and body composition at pre-and post-intervention.

Control TRT CRT IRT Partial 
eta 

squared

  p values 
Time*group

Pre Post Pre Post Pre Post Pre Post

Weight (kg) 93.8 ± 2.0 93 ± 2.2 92.9 ± 2.8 90.8 ± 1.8 92.4 ± 1.9 88.8 ± 1.6* 93.7 ± 1.9 87.0 ± 2.1* 0.42 0.000
BMI (kg/m2) 32.9 ± 1.4 32.6 ± 1.4 32.4 ± 1.4 31.7 ± 0.8 33 ± 1.2 31.7 ± 1.2 33.1 ± 0.7 30.7 ± 0.9* 0.42 0.000
Fat (kg) 30.5 ± 1.0 30.5 ± 1.1 29.6 ± 0.7 28.5 ± 0.8 29.9 ± 1.1 27.2 ± 0.8* 30.4 ± 1.0 26.8 ± 1.0* 0.51 0.000
SBP (mmHg) 127 ± 2.35 128 ± 1.75 127 ± 2.0 124 ± 1.91 128 ± 2.2 120 ± 3.0* 127 ± 1.42 118 ± 2.46*# 0.85 0.000
DBP (mmHg) 73.8 ± 6.6 75.0 ± 7.1 71.6 ± 6.4 70.0 ± 5.1 72.8 ± 5.9 68.2 ± 4.7 76.0 ± 6.3 67.6 ± 6.2 0.64 0.000
Leptin (ng/mL) 27.9 ± 3.7 32.7 ± 4.6 27.9 ± 5.7 22.9 ± 3.6* 28.2 ± 3.7 13.5 ± 5.5*# 29.6 ± 8.2 12.2 ± 3.5*# 0.59 0.000
Adiponectin (ng/ml) 5.82 ± 1.13 5.69 ± 1.13 6.48 ± 1.25 8.43 ± 0.98* 6.58 ± 0.57 10.8 ± 1.42*# 6.64 ± 0.62 12.0 ± 1.0*# 0.66 0.000
Ghrelin (pg/ml) 662 ± 20 673 ± 20 659 ± 20 779 ± 17* 650 ± 14 870 ± 11*# 669 ± 31 866 ± 18*# 0.91 0.000

Data presented as Mean (±SD). BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; CCK, Cholecystokinin; GLP-1, Glucagon-like peptide-1; GIP, 
Glucose-Dependent Insulinotropic Polypeptide; PYY, Peptide YY; TRT, traditional resistance training; CRT, Circuit resistance training; IRT, Interval resistance training. 
*Indicates significant differences compared to the control group (p < 0.05).
#Indicated significant differences between training modes (p < 0.05).

FIGURE 2 | Pre- and post-training values (mean ± SD) for Peptide YY in TRT, CRT, IRT, and groups. *Indicates significant differences from the control group 
(p < 0.05). #Indicated significant differences between training protocols (p < 0.05).
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during the day after 3-month aerobic exercise five times per 
week at 70–80% HRmax and a diet intervention (55% 
carbohydrates, 30% fat, and 15% protein) in young females 

with normal weight. However, the authors were unable to 
determine whether the observed changes came from training, 
the dietary intervention, or the associated weight loss (Leidy 

FIGURE 3 | Pre- and post-training values (mean ± SD) for Cholecystokinin in TRT, CRT, and IRT groups. *Indicates significant differences from the control protocols 
(p < 0.05). #Indicated significant differences between training groups (p < 0.05).

FIGURE 4 | Pre- and post-training values (mean ± SD) for Glucagon-like peptide-1 in TRT, CRT, and IRT groups. *Indicates significant differences from the control 
group (p < 0.05). #Indicated significant differences between training protocols (p < 0.05).
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et al., 2007). Some studies have reported increased concentrations 
of ghrelin after moderate-intensity training (Martins et  al., 
2007; Kelishadi et  al., 2008; Hagobian et  al., 2009; Konopko-
Zubrzycka et al., 2009; Ueda et al., 2013), while some reported 
decreased (Kraemer et al., 2004; Ghanbari-Niaki, 2006; Ballard 
et  al., 2009) or no changes (King, 2010; Guelfi et  al., 2013; 
Martins et  al., 2017). The intensity of physical activity could 
play an essential role in ghrelin secretion via catecholamine-
related mechanisms (Zouhal et  al., 2013). However, to date, 
the response of ghrelin following highly intensive training 
known to increase catecholamine secretions in both normal-
weight individuals and those with obesity has not been 
investigated. These differences can be  explained mainly by 
the different training interventions, such as training duration, 
training modalities (e.g., running, walking, or cycling), and 
the intensity of training used in these studies and others. 
Also, the increase in ghrelin levels observed in individuals 
with overweight or obesity may reflect the short-term 
compensatory effect on appetite stimulation against weight 
loss (Leidy et  al., 2007).

The hormone leptin, which is secreted from adipose tissue 
and is one of the environmental signals of food intake and 
energy expenditure, seems to play a role in the long-term 
regulation of energy homeostasis. The decrease of leptin after 
weight loss can also reduce its appetite suppressant response 
and increase appetite (Kissileff et  al., 2012). In line with 
our study that observed the plasma level of leptin were 
decreased significantly in all three resistance training groups 
compared to the control group, some studies have reported 
a decrease in leptin concentration after chronic and acute 
exercise (Fatouros et  al., 2005; Fazelifar et  al., 2013; Martins 
et  al., 2013; Ghaderi and Azizbeigi, 2014; Hopkins et  al., 

2014), while others found no change in leptin levels (Zafeiridis 
et  al., 2003; Lau et  al., 2010; Ferdosi and Asad, 2012; Yi 
et al., 2013; Nuri et al., 2016). One of the possible mechanisms 
to justify a decrease in serum leptin levels during resistance 
training can be  related to the reduction of body fat and 
the increase of muscle mass, which increases the energy 
expenditure at rest and thus reduces leptin secretion in 
individuals who are overweight or obesity (Ara et  al., 2006). 
Another possible reason could be  the increase in ghrelin 
levels in our study. It has been reported that the low level 
of ghrelin was associated with high blood pressure and leptin 
(Pöykkö et  al., 2003).

Another finding of our study was an increase in adiponectin 
levels. Similarly, some of the previous studies have shown 
increases in adiponectin levels (Fatouros et  al., 2005; Brooks 
et  al., 2007; Olson et  al., 2007) or decreases (Gondim et  al., 
2015; Gastebois et  al., 2016), or no changes (Ahmadizad et  al., 
2007; Lau et al., 2010) after exercise training. A recent systematic 
review (Bouassida et  al., 2010) reported that an increase in 
the level of physical fitness caused by exercise training results 
in the reduction of fat mass and body mass which are associated 
with increases in resting adiponectin levels. Similarly, in our 
study, body fat mass was significantly reduced in all resistance 
interventions groups. One of the possible mechanisms of 
increasing adiponectin levels after resistance training is to 
improve insulin resistance (Ciroma et al., 2017) which is caused 
by increased oxidation of fatty acids and inhibition of hepatic 
glucose production (Lihn et  al., 2005). Increased adiponectin 
with exercise interventions, such as resistance training, can 
increase AMP-activated protein kinase (AMPK) and their 
associated signal cascade to improve insulin sensitivity and 
increase the expression of proteins involved in lipid transport 

FIGURE 5 | Pre- and post-training values (mean ± SD) for Glucose-Dependent Insulinotropic Polypeptide in TRT, CRT, and IRT groups. *Indicates significant 
differences from the control group (p < 0.05). #Indicated significant differences between training protocols (p < 0.05).
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and oxidation (Tomas et al., 2004). Tomas et al. (2004) showed 
that the activity of AMPK is associated with intensity and 
muscle mass involved in the exercise (Tomas et  al., 2004). 
Therefore, individuals who use higher intensity and more muscle 
mass during exercise may need more adiponectin to regulate 
metabolic flow (Racil et  al., 2013). In our study, the energy 
consumption and also serum adiponectin levels increased 
significantly. This increase is due to the decrease in rest between 
sets, which may have increased training intensity in the IRT 
and CRT groups compared to the TRT group.

There are challenges in interpreting adiponectin changes in 
response to exercise because of differences in the sex of 
participants in the studies, initial body composition, separating 
fat loss from exercise-related changes, and different methods 
of measuring adiponectin.

Glucagon-like peptide-1 is an intestinal hormone secreted 
in response to food intake. It stimulates insulin secretion by 
the β cells and reduces glucagon secretion in response to a 
meal, decreasing hepatic glucose production (Hallworth et  al., 
2017). The GLP-1 is consecrated with peptide YY, an anorectic 
hormone. The secretion of peptide YY is proportional to the 
number of dietary fats ingested during food intake (Hallworth 
et  al., 2017). The GIP is secreted from K cells in the small 
intestine, and increased secretion has been reported in obesity 
(Elahi et  al., 1984; Drucker, 2007), impaired glucose tolerance 
(IGT; Salera et  al., 1982), and type 2 diabetes (Elahi et  al., 
1984). The GLP-1 and GIP are collectively called incretins 
and regulate nearly 60% of postprandial insulin secretion 
(Drucker, 2007). Our study showed a significant increase in 
GLP-1 and a significant decrease in PYY and GIP in all three 
resistance intervention groups compared to the control group. 
However, these changes were more in the two groups of IRT 
and CRT.

It has been well established that exercise reduces circulating 
insulin levels and improves the insulin response to hyperglycemia 
(Kirwan et al., 1993). It has been suggested that the reductions 
in plasma insulin following exercise may be due to modulation 
of the gastroenteropancreatic hormones (Blom et  al., 1985) 
that function primarily to maintain energy balance. Exercise 
creates a negative energy balance, and different mechanisms 
maintain energy homeostasis: short-term regulation via gut 
hormones, including GIP, GLP-1, and peptide tyrosine–tyrosine 
(PYY), and longer-term regulation via insulin (Drucker, 2007). 
This is well illustrated by Gibbons et al. (2017), who demonstrated 
recently that individuals with overweight and obesity who 
lost weight (responders to exercise) after a 12-week supervised 
aerobic intervention (70% of the individual’s HRmax, five 
times per week) displayed an elevated postprandial rise in 
GLP-1 and total PYY, and a greater suppression in acylated 
ghrelin compared to non-responders (Gibbons et  al., 2017). 
Adding support to the notion that changes in body fat could 
be  the key to the changes in appetite hormones as a study 
showed that greater weight loss in response to high-intensity 
interval training was associated with greater post-training 
increases in fasting acylated ghrelin (Martins et  al., 2017). In 
contrast, Martins et  al. (2017) (Martins et  al., 2017) did not 
find these relationships with concentrations of PYY or GLP-1. 

Other studies have shown unchanged fasting and postprandial 
concentrations of acylated ghrelin (Guelfi et  al., 2013), PYY 
(Blom et al., 1985; Rosenkilde et al., 2013; Larsen et al., 2017), 
and GLP-1 (Martins et  al., 2010; Larsen et  al., 2017), despite 
reductions in body weight after aerobic training. Guelfi et  al. 
(2013) also showed that a reduction in fat mass after resistance 
training (3 sets of 10 repetitions at 75% 1RM progressed to 
4 sets of 8 repetitions at 85% 1RM by the end of the intervention) 
did not coincide with changes in acylated ghrelin, PYY, or 
Pancreatic polypeptide concentrations in men with overweight/
obesity (Guelfi et  al., 2013). Additionally, another study in 
individuals with obesity reported training-induced elevations 
in fasting and postprandial Pancreatic polypeptide concentrations 
in the absence of body fat loss (Kanaley et  al., 2014). Reasons 
for these discrepancies are unclear, and further studies are 
needed to clarify the variations in appetite-related hormones 
after exercise training that participants’ body fat could  
modulate.

When highly acidic food enters the small intestine, 
cholecystokinin is an anorexigenic hormone secreted by the 
duodenal and jejunal mucosa. Studies have shown that reduced 
levels of cholecystokinin may contribute to a reduced feeling of 
fullness and make it more difficult for some individuals with 
obesity to lose weight (Little et al., 2005). Cholecystokinin production 
is impaired (reduced) in individuals with obesity who are 
experiencing bodyweight reduction (Sumithran et al., 2011). Studies 
of the effect of exercise and physical activity on cholecystokinin 
levels are very limited and controversial. For example, plasma 
cholecystokinin levels increased significantly following intensive 
training (cycling three times for 4 weeks at 70 to 85% of the 
HRmax) or hypoxia (Bailey et  al., 2000, 2001). Conversely, 
cholecystokinin levels were decreased in healthy untrained volunteers 
runners after aerobic exercise (30 min at 70% of vo2max; Ströhle 
et  al., 2006) but were unchanged in another exercise study (Ohta 
et  al., 1994). Interestingly, Martins et  al. indicated that a 12-week 
supervised aerobic training (5times per week, 75% HRmax) in 
individuals with obesity-induced a mean decrease in body weight 
of 3.5 kg (from 96.2 to 92.7 kg) but had no significant effect on 
fasting or postprandial cholecystokinin concentrations (Martins 
et  al., 2013). To date, studies on the impact of acute exercise on 
cholecystokinin levels seem to have been conducted only in 
normal-weight individuals. These studies reported an increase in 
cholecystokinin levels immediately after training and for up to 
2 h after exercise (Bailey et  al., 2001; Sliwowski et  al., 2001). 
These significant increases in cholecystokinin levels are associated 
with suppressed feelings of hunger during the hours following 
exercise (Schubert et  al., 2014). However, the limited data in this 
area cannot be  generalized to include the effect of exercise and 
physical activity on cholecystokinin levels in individuals with obesity.

Our results showed that the increase in ghrelin, GLP-1 and 
decrease in leptin, CCK, GIP, and PYY could be  a body’s 
compensatory mechanism in response to increased energy 
consumption for the desire to eat more. In other words, an 
increase in appetite-regulating hormones is likely to act as a 
compensatory mechanism to return the body weight to the 
regulated point. The weight loss observed in the groups, in 
addition to appetite hormones, can also be attributed to changes 
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in adipokines, such as leptin and adiponectin. The finding 
confirmed previous studies that showed a decrease in leptin 
and the increase in adiponectin was consistent with the reduction 
in fat mass (Fatouros et al., 2005; Kissileff et al., 2012; Fazelifar 
et  al., 2013).

We acknowledge that there were some limitations in this 
study. Firstly, we did not measure the calorie expenditure during 
the training, and calorie intake during the interventions, which 
are vital in weight loss; these data could help to interpret the 
findings with accuracy. Secondly, the gut peptides (GIP, CCK, 
PYY, and GLP-1) increased in the postprandial phase while 
we  measured their fasting levels, which indicates the chronic 
effects of an intervention on these peptides. In addition, levels 
of these peptides increase in the postprandial phase depending 
on the quality and quantity of food. Finally, we did not measure 
other adipokines and myokines affecting weight loss. Therefore, 
we suggest that future research will investigate the gut peptides 
levels in the postprandial phase before and after a period of 
resistance training. In addition, future research is needed to 
measure the levels of other adipokines (e.g., resistin) and 
myokines (e.g., irisin) that affect weight loss.

CONCLUSION

According to the results of this study, the increase in appetite 
due to adaptation to different modules of resistance training 
is due to the rise in related hormones. Although the change 
in hormones was greater in the two groups of resistance training 
(IRT, CRT), but increase in appetite was observed in all three 
resistance intervention groups. Therefore, according to the above 
findings, it is suggested that individuals who complain of 
anorexia, considering that the hormones tested increase appetite, 
can use resistance training, especially IRT and CRT training 
to increase appetite.
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